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FOREWORD

During the conduct of the Strategic Highway Research Program (SHRP) on highway operations,
rigid pavement, preventative maintenance treatments were placed on pavements throughout the
United States. The placement and performance monitoring of these Specific Pavement Study
(SPS)-4 projects have been conducted under the SHRP and Federal Highway Administration
(FHWA) Long-Term Pavement Performance (LTPP) program. The information derived from
this study will contribute greatly toward advancing the state of the practice of joint sealing and
resealing of portland cement concrete (PCC) pavements.

This report provides information to pavement engineers and maintenance personnel on the results
of the SPS-4 joint seal experiment. It presents the performance and cost data of various joint
sealant materials, and procedures for sealing joints in PCC pavements.

This report will be of interest to anyone concerned with the maintenance and rehabilitation of
PCC pavements.

T. Paul Teng, P.E.
Director

Office of Infrastrucfire
Research and Development

NOTICE

This document is disseminated under the sporisorship of the Department of Transportation in the
interest of information exchange. The United States Government assumes no liability for its
contents or use thereof. This report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers. Trade and
manufacturers’ names appear in this report only because they are considered essential to the
object of the document.
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CHAPTER 1. INTRODUCTION

Objectives

Joint sealants are an integral part of any jointed plain concrete (JPC) or jointed reinforced
concrete (JRC) pavement. Joint sealants provide protection for the pavement in two important
manners. First, they reduce the infiltration of moisture at pavement joints—moisture that can lead
to softening, pumping, and erosion of the base or subgrade near the joints, and ultimately to
pavement distresses, such as corner breaks and faulting. Second, joint sealants protect the
pavement by preventing incompressible materials from entering the joints. These incompressibles,
such as small stones, enter the joints and inhibit thermal slab movement. As joints are filled with
incompressible materials and slab expansion is restrained, the result is an increase in stresses in the
pavement slabs, which can result in substantial joint spalling or possibly blow-ups. In essence, the
success or failure of a jointed concrete pavement may often be attributed, in part, to the success
or failure of the joint sealants.

The Strategic Highway Research Program (SHRP) acknowledged the important role of joint
sealants in the performance of jointed concrete pavements and the need for research in this area.
The SHRP Specific Pavement Studies (SPS)-4 experiment (Preventive Maintenance Effectiveness
of Rigid Pavements), which involved the construction of several test sites nationwide, was
primarily developed to answer questions about the effectiveness of joint sealing. Does sealing
impart additional life to concrete pavements? Is sealing a cost-effective proposition?

Six particular SPS-4 sites, designated as supplemental joint seal sites, were constructed in four
States in the SHRP western region to test the effectiveness of various joint seal materials and
methods used in new and existing concrete pavements. Though initially monitored for
performance under the SHRP Long-Term Pavement Performance (LTPP) program, the joint seals
installed at these sites were subsequently evaluated under the Federal Highway Administration
(FHWA) Long-Term Monitoring (LTM) of Pavement Maintenance Materials Test Sites project.
The primary objectives of the SPS-4 supplemental joint seal experiment were as follows:

® Determine the sealant material-joint configuration combinations that perform best in
newly constructed pavements.
® Determine the properties of sealants that relate best to long-term performance.

Scope

This report describes all aspects of the SPS-4 supplemental joint seal experiment, beginning
with a discussion in chapter 1 of the materials and methods used, as well as descriptions of the
selected test sites. Details of the installation of materials at each site are described in chapter 2,
including site layout efforts, joint preparation and sealant placement procedures, productivity, and
other observations. Included in chapter 3 are descriptions of the laboratory tests performed on
some of the sealant materials and a discussion of the results of those tests. Summaries of the field
performance data collected over the course of the experiment are provided in chapter 4 and an in-
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depth discussion of the analyses conducted on the performance data and the corresponding results
is given in chapter 5. Lastly, chapter 6 presents an overall summary of the findings and
recommendations of the study.

Project Overview

Between March 1991 and October 1992, a total of 106 test sections (including 14 unsealed
sections) were installed at 5 different test sites located in Utah and Arizona. An additional 19 test
sections (including 2 unsealed sections) were installed at a sixth test site in Colorado in November
1995, bringing the total number of test sections to 125. The six SPS-4 supplemental joint seal test
sites, and the climatic zones in which they lie, are listed below and are illustrated in figure 1.

® U.S. 60—Mesa, Arizona Dry-nonfreeze region
e U.S. 287—Campo, Colorado : Drfy—freeze region
e [-80—Wells, Nevada Dry-freeze region
® ]-15—Tremonton, Utah Dry-freeze region
e UT 154 (Bangerter Road)—Salt Lake City, Utah ~ Dry-freeze region
e U.S. 40—Heber City, Utah Dry-freeze region

Figure 1. Locations of SPS-4 supplemental joint seal test sites.
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With the exception of the Campo site, each site was located on moderate- to high-volume
highway facilities consisting of four or six lanes in two directions. The Campo site was located on
a two-lane highway having low traffic volume. Test sections at each site consisted of
experimental seals placed in transverse contraction joints. However, at the Mesa and Wells sites,
several test sections included experimental longitudinal joint seals in addition to the transverse
contraction joint seals.

Sealant Materials

Overall, 21 different sealants were placed at the 6 test site locations. The majority of these
sealants were silicone; however, several hot-applied sealants and preformed compression seals
were also installed. Silicone sealants are defined as one-part polymer materials that, upon
chemical curing, form a continuous silicone-oxygen-silicone network that is highly elastic and
highly insensitive to environmental effects (e.g., temperature changes, ultraviolet light, hardening
over time) (Smith et al., 1991). First-generation silicones were relatively viscous and had to be
tooled into place within joints. These types of silicone are referred to as standard, non-sag, or
non-self-leveling silicones. In recent years, more fluid-like formulations of silicone were
developed that do not require tooling into place. These types of silicones are referred to as self-
leveling silicones. The silicone sealants used in the SPS-4 supplemental joint seal test sections are
as follows:

Crafco 902 Non-self-leveling

°

® Crafco RoadSaver (RS) 903-SL Self-leveling

® Dow Corning 888 Non-self-leveling
® Dow Corning 888-SL Self-leveling

® Dow Corning 890-SL Self-leveling

® Mobay Baysilone 960 Non-self-leveling
® Mobay Baysilone 960-SL Self-leveling

Hot-applied sealants are asphalt- or tar-based sealants that become soft upon heating and
harden upon cooling, usually without a change in chemical composition (Smith et al., 1991).
Most hot-applied sealants are asphalt-based (derived from the distillation of crude oil) and include
rubber-, polymer-, or fiber-modifiers to impart desirable elastic and tensile strength properties.
Tar-based sealants (derived from the destructive distillation of coal) are largely resistant to fuel
spillage and are usually modified with rubbers or polymers. In this experiment, four hot-applied
sealants were used in Arizona and the three Utah locations. These sealants are as follows:

e CrafcoRS221  ASTMD 3405
® (Crafco SuperSeal (SS) 444 ASTM D 3406
e Koch 9005 ASTM D 3405
[

Koch 9012 ASTM D 3406

Each test site contained at least one test section with neoprene compression seals. These seals
are premolded synthetic materials that are inserted (often with the aid of a lubricant/adhesive) into
joints in a state of compression. They are designed to maintain contact pressure with the joint




faces and therefore are not subject to adhesion failures. The neoprene materials used in the SPS-4
supplemental joint seal experiment are as follows:

D.S. Brown E-437H
D.S. Brown V-687
D.S. Brown V-812
Kold Seal Neo Loop
Esco PV 687 ,
‘Watson Bowman 687
Watson Bowman 812

In addition to the above sealant products, a self-leveling polysulfide sealant (Koch 9050-SL),
a polyethylene sealant (product name unknown), and a proprietary sealant (named after Mike
Roshek of the Utah Department of Transportation [DOT]) were installed.

Joint Preparation Methods

Because of the varying interests and practices of each part ‘ ipating State highway, the sealant
materials were installed using many different joint preparation methods. For instance, seven
different combinations of joint configuration/construction were used throughout the experiment,
as described below and illustrated in figure 2.

Configuration A—Formed using a standard riding saw, the joint width of this
configuration was nominally 3 mm and the depth was nominally one-third or one-fourth
the slab thickness. This configuration was used only wﬁth some of the silicone sealants.

Configuration B—The nominal joint width of 6 mm foré this configuration was also formed
using a standard riding saw. Both silicone and neoprene compression seals were placed in
this configuration. For silicone sealants, the minimum depth was 38 mm to accommodate
the backer rod, sealant, and sealant recessment. Less depth was needed for neoprene
compression seals; however, a depth of 38 mm was still typically used.

Configurations C and G—Both of these 9-mm-wide by 38-mm-deep configurations were
created using a standard riding saw. Howeyver, to inve%‘tigate the possible reduction of
sliver spalls at one site, configuration G included beveling of the upper 3 mm of each joint
edge at a 45-degree angle. Only 10 joints (sealed with ‘p non-self-leveling silicone) were
fashioned in this configuration, as it was determined that the sawing/beveling process
caused excessive raveling and resulted in aesthetically displeasing joint edges. All sealant
types, except polyethylene, were installed in configuration C.

Configuration D—In this configuration, nominal joint dimensions of 13 mm wide and
41 mm deep were created using a standard riding saw. |Only one sealant type, a neoprene
compression seal, was installed in this joint configuration.




' [
3mm
/3 T/3 ions
Applications Silicone Seal
Silicone Seal ] Compression Seal
1 Unsealed £

Joint Configuration A Joint Configuration B
' / mm
T/3 Applications Agphs_gi_ong_
‘ Hot-Applied Seal Compression Seal
Silicone Seal
Compression Seal
d Roshek Seal
Unsealed
Joint Configuration C Joint Configuration D
9 mm beveled edges
3mm 10 mm|
19
63 . s
A tions Applications
Applications pe 1
Silicone Seal Silicone Sea
Unsealed S
Joint Configuration E Joint Configuration G

Figure 2. Joint configurations for SPS-4 supplemental joint seal test sites.

e Configuration E—The joint width of this configuration was the same as that of
configuration A (nominally 3 mm deep). However, the joints were created using the Soff-
Cut sawing method, whereby joints are sawed shallower (typically 19 mm) and much
sooner than conventional sawcutting.

e Configuration F—The dimensions of this configuration were not known, since the test site
in which it was used (Wells) was located on a pavement originally constructed and sealed
with polyethylene long before the pavement was made into an SPS-4 test site. This
configuration was designated as an “undisturbed” joint configuration.

Another aspect of joint preparation was the cleaning method used to ensure clean joint
sidewalls for proper adherence by the experimental seals. Though the same cleaning method was
essentially used for each sealant at a given site, the methods varied somewhat from site to site.
For instance, at the Mesa site, each joint was sandblasted, waterblasted, and airblasted, whereas at
the Wells site, each joint was sandblasted and airblasted. At the Tremonton site, each joint was
waterblasted and airblasted, whereas most joints at the Salt Lake City site were only airblasted.
Though the performance analyses described later in this report are confined to individual test sites,
this information about joint cleaning methods was deemed noteworthy, so as to prevent the
development of incorrect, broad-based conclusions about seal performance.
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The use of 21 different sealant materials and 7 different joint configurations resulted in a total
of 29 distinct joint seal treatment types (i.e., material-configuration combinations). Table 1
summarizes the joint seal treatment types applied at each test site and shows the number of test
sections of each treatment type. It can be seen that several of the treatments were unique to only
one site. However, overlooking the different joint cleaning methods used at the various sites, it
can also be seen that some treatment types (e.g., Crafco 903-SL in configuration C, Dow 888-SL
in configuration C) were used at multiple test sites.

The experimental layout varied greatly from site to site. Each test site contained from 17 to
24 test sections. Either two or four of these sections were designated specifically as SHRP test
sections; the remaining sections were designated as State supplemental sections. With the
~ exception of the Wells test sections, which contained only 15 transverse joints, each section
contained between 25 and 48 transverse joints in which the experimental joint seals were placed.
Appendix A provides the physical layout of the various material-configuration combinations at
each test site.

Test Site Characteristics
M izon

This test site is located in the dry-nonfreeze climatic region of the United States along a 3.5-
km stretch of highway more commonly known as Superstition Freeway. The test sections are
located in the eastbound travel lanes, and are bounded by Power Road and Ellsworth Road, as
illustrated in figure 3. The highway consists of six lanes in two directions, with each lane
approximately 3.7 m wide. The pavement was constructed in February 1991 and consists of a
330-mm-thick JPC pavement, placed on 102 mm of compacted aggregate base on a compacted
subgrade. The joint spacing is staggered at intervals of 4.0, 4.6, 5.2, and 4.6 m. Experimental
joint seals were installed shortly after pavement completion in February 1991. The pavement was
designed for 2.9 million 80-kN equivalent single-axle loads (ESALSs) and a 20-year design life.
Average annual precipitation at this site is about 178 mm, and the average monthly temperatures
range from about 10 to 33°C (U.S. Dept. of Commerce, 1983).

U.S. 287, Campo, Qg\lgrg‘c_l, 0

This test site is located in the northbound lane of U.S. 287 in Baca County, 4.8 km south of
Campo, in southeastern Colorado. The specific location of the test site is shown in figure 4. The
test site is approximately 2.1 km long, and the two-lane highway on which it sits has 3.7-m-lanes
and 3.0-m-wide paved shoulders. Constructed in October and November of 1995, the pavement
was designed to carry 10 million 80-kIN ESALs for its 30-year design period. The pavement
structure consists of 254 mm of portland cement concrete (PCC) placed on 610 mm of unbound




Table 1. Summary of materials and procedures used for joint seal installation.

Sealant
Material

Joint
Configuration/
Construction

Number of Test Sections Installed at Test Site

Mesa, AZ | Campo, CO | Wells, NV Tremonton, UT City, UT

[Crafco RS 221

crafco SS 444

rafco 902

afco 903-SL

{Dow 888

[Dow 888-SL

ow 890-SL

"DS Brown E-437H

Salt Lake

(U.S.40)

Heber
City, UT

DS Brown V-687

[DS Brown v-812

[Koch 9005

[Koch 9012

lIKoch 9050-SL

lIKold Seal Neo Loop

||Mobay 960

IMobay 960-SL

|k-’(oshck

IEsco PV 687

"Watson Bowman 687

"Watson Bowman 812

nsealed
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12

Total Treatment Types (excl. unsealed)

24

Joint Configuration/Construction

A. Standard saw, 3-mm joint width.
B. Standard saw, 6-mm joint width.
C. Standard saw, 9-mm joint width,
D. Standard saw, 13-mm joint width.

E. Soff-Cut saw, 3-mm joint width.
F. Undisturbed.
G. Standard saw, 9-mm beveled joint.
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Figure 3. Mesa, Arizona SPS-4 supplemental joﬁt seal test site location.
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Figure 4. Campo, Colorado SPS-4 supplemental joint seal
test site location.
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R-70 select soil (compacted to 95 percent of maximum dry density) and a sandy, drainable
subgrade. The transverse joints are doweled and unskewed, with an even joint spacing of 4.6 m.
Experimental seals were installed shortly after completion of paving in November 1995. The
average annual precipitation at this dry-freeze site is about 377 mm, and the average monthly
temperatures range from about 0 to 25°C (U.S. Dept. of Commerce, 1983).

1-80, Wells. Nevada

This dry-freeze test site is located in Elko County, west of Wells, in the westbound and
eastbound driving lanes of I-80 in northeastern Nevada. Figure 5 shows the specific location of
the test site. Though the pavement was originally built in March 1980, the experimental joint
seals were installed in August 1991. The pavement was constructed using 246 mm of JPC placed
on a 152-mm cement-treated base, 112 mm of aggregate subbase, and a silty-sand subgrade. The
transverse joints were skewed, doweled, and spaced in a random pattern of 4.3, 4.0, 5.8, and
5.8 m. Sealant was placed in the joints at the time of original construction, but was removed as
part of the 1991 experimental seal installation. The length of the test site is approximately 1.0 km.
The interstate on which it lies consists of two 3.7-m-wide lanes in each direction, with 3.0-m- and
1.2-m-wide PCC outside and inside shoulders, respectively. The average annual precipitation at
this site is about 305 mm, and the average monthly temperature ranges from about -5 to 22°C
(U.S. Dept. of Commerce, 1983).

I- monton h

Located approximately 8 km north of the Riverside/Logan exit, this test site is situated in the
northbound and southbound driving lanes of the four-lane I-15 in north central Utah. Figure 6
shows the specific location of this dry-freeze site. The pavement was constructed in October
1990 with 254 mm of JPC placed on a 102-mm lean concrete base and a 102-mm crushed gravel
subbase. Additional support consisted of 457 mm of well-graded gravel with sand placed on a
subgrade of well-graded gravel with cobbles. Transverse joints were spaced at repeated intervals
of 3.0, 4.6, 3.4, and 4.3 m, and were made skewed and undoweled. The experimental joint seals
were installed a few weeks after pavement construction. The travel lanes of the facility are 3.7 m
wide, and the PCC outside and inside shoulders are 2.4 m and 0.9 m, respectively. The average
annual precipitation at the Tremonton site is approximately 406 mm, and the average monthly
temperatures range from about -7 to 23°C (U.S. Dept. of Commerce, 1983).

UT 154 ‘ i h

This dry-freeze test site is located in the northbound and southbound lanes of Utah Route 154
(Bangerter Road) in the southern part of Salt Lake City. Specifically, it is located between 3500
South Street and 4100 South Street, as illustrated in figure 7. The test site pavement was
constructed in the fall of 1991 and spring of 1992. Shortly after construction, the experimental
joint sealants were installed. The pavement was constructed with 254 mm of JPC placed on a
102-mm lean concrete base, 102 mm of crushed gravel subbase, and 305 mm of poorly graded
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Figure 5. Wells, Nevada SPS-4 supplemental joint seal test site location.
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Figure 6. Tremonton, Utah SPS-4 supplemental joint seal test site location.
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Figure 7. Salt Lake City, Utah SPS-4 supplemental joint seal test site location.

gravel. A 305-mm geo-grid layer of clean, free-draining gravel and filter fabric was placed
beneath the poorly graded gravel, and the entire structure rests on a sandy clay subgrade.
Transverse joints were constructed at staggered intervals of 3.0, 4.6, 3.4, and 4.3 m. These joints
were skewed, but undoweled. The highway on which the test site lies consists of six lanes (in two
directions), with each lane approximately 3.7 m wide. The curb and gutter flank the outside lanes,
whereas a 3.7-m-wide PCC shoulder adjoins the inside lanes. The average annual precipitation of
this test site is approximately 610 mm, and the average monthly temperatures range from about -3
to 24°C (U.S. Dept. of Comimerce, 1983).

40, Heber City, Utah

This test site is located in the eastbound and westbound lanes of U.S. 40, approximately
50 km southeast of Salt Lake City, in north central Utah. As seen in figure 8, the site is located
between mileposts 5 and 6.5 on U.S. 40. Though this four-lane highway extends north and south
at the location of the test site, it is technically an east-west route. The pavement was constructed
in September 1991, and the experimental joint sealants were installed shortly thereafter. The
travel lanes were constructed with PCC to a thickness of 254 mm. The pavement base in the
westbound lanes consisted of an unknown thickness of asphalt concrete (AC), whereas 102 mm
of lean concrete were used for the base in the eastbound lanes. The subbase in both directions

11



Eisenhower Hwy.

Figure 8. Heber City, Utah SPS-4 supplemental
joint seal test site location.

consists of 102 mm of crushed gravel placed on 457 mm of silty, sandy gravel and a poorly
graded gravel subgrade. Skewed, undoweled transverse joints were constructed at staggered
intervals of 3.0, 4.6, 3.4, and 4.3 m. The pavement consists of two 3.7-m-wide lanes in each
direction, with 2.4-m- and 1.2-m-wide PCC outside and inside shoulders, respectively. Average
annual precipitation at the Heber City test site is approximately 610 mm, and the average monthly
temperatures range from -6 to 22°C (U.S. Dept. of Commerce, 1983).
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CHAPTER 2. TEST SITE INSTALLATIONS

As discussed in chapter 1, five of the six SPS-4 supplemental joint seal test sites involved the
installation of experimental sealants in newly constructed PCC pavements, thereby classifying
them as joint seal sites. Since the pavement at the Wells site was originally built in 1980 (joints
were initially sealed at that time), but the experimental sealants were not installed until 1991, this
site is classified as a joint reseal site.

In the case of the five sites containing new seals, the pavement construction contracts were
originally written to include the experimental joint seal installation work or the necessary change
orders were developed to allow the experimental installations to occur. ' At each of these five
sites, the experimental installations followed closely behind the pavement construction process
(usually within a few weeks), as indicated in table 2. At all six test sites, the sealant installations
were performed by contractors selected by the sponsoring State highway agency (SHA). These
contractors are also listed in table 2.

Test Site Planning, Coordination, and Layouts

As primary beneficiaries of the SPS-4 test results, each sponsoring State highway agency had
control over the design and layout of the test sites installed in their State. The selections of
material products and procedures, along with the planning of joint seal treatment locations and

boundaries, were generally

sponsoring DOTs,

made by key researchers, engineers, and administrators within the

Table 2. Test site construction and experimental joint seal installation information.

9/16/91 - 9/23/91 (WB)

Secondary Sawing and Sponsoring
Pavement Construction and | Experimental Sealant Highway Experimental
Test Site Primary Sawing Dates Installation Dates Agency Sealing Contractor
U.S. 60—Mesa, AZ 2/13/91 - 2/15/91 3/18/91 -3/31/91 Arizona DOT Multiple Concrete
Enterprises, Inc.
U.S. 287—Campo, CO 10/24/95 - 11/15/95 11/15/95 - 11/19/95 Colorado DOT Castle Rock
Construction, Inc.
I-80—Wells, NV 3/80 8/14/91 - 8/22/91 Nevada DOT Diversified Concrete
Cutters, Inc.
I-15—Tremonton, UT 10/9/92 - 10/23/92 10/23/92 - 10/26/92 Utah DOT Concrete Sawing and
Sealing, Inc.
UT 154—Salt Lake City, UT | Fall 1991 - Spring 1992 5/19/92 - 5/27/92 (SB) Utah DOT A-Core, Inc.
6/29/92 - 8/14/92 (NB)
U.S. 40—Heber City, UT 6/26/91 - 7/8/91 (EB) 7/8/91 -7/11/91 (EB) Utah DOT Multiple Concrete

9/23/91 - 10/1/91 (WB)

Enterprises, Inc.
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The proposed experimental joint seal treatments and testing sequences for a given site were
usually detailed in an experimental plan. Some changes were made to the original experimental
plans developed by each sponsoring agency, as a result of problems incurred with the installation
of the materials (e.g., running out of sealant, joint preparation problems, sealant preparation
problems). These changes were documented in each of the six SPS-4 supplemental joint seal
construction reports (Meier, 1992; Wienrank and Evans, 1995a, 1995b, 1995¢, 1995d; Ambroz
and Evans, 1996).

Figures 9 through 14 show the final layouts of each test site. As can be seen in these figures,
each test section was assigned a test section number, corresponding to its location in the field
testing sequence, and a six-digit SHRP identification (ID) number, indicating the State in which
the test section is located and the sealant material and procedure used in the section. In most
cases, two replicate test sections of each material-procedure combination were established, either
in opposite directions or in the same direction, but spaced apart from each other.

The size of test sections varied, both in terms of length and number of transverse joints.
Sections ranged between 56 and 183 m long and were comprised of between 15 and 48 transverse
joints. At the Arizona and Nevada sites, the same sealant placed in the transverse joints of a given
test section was typically used to seal the longitudinal joints within that section. At the other four
test sites, one sealant was typically used throughout the entire site to seal the longitudinal joints.

All test sections were marked according to standard SHRP-LTPP guidelines. Permanent
signing was erected to indicate the boundaries of the entire test site, as well as the beginning and
end of each individual test section. Each test section was also marked with two white paint
stripes extending across the test lane. These stripes were located at the beginning and end of each
section. In most cases, the six-digit SHRP ID number was painted at the beginning of the test
section, near the outside shoulder.

Installation Processes

In general, the experimental sealant installation process at e:ach site consisted of five steps,
following the completion of concrete paving operations. These steps were as follows:

Primary/initial joint sawing,.
Secondary/reservoir joint sawing.
Joint cleaning.

Backer material placement.
Sealant application.

NAERN

Since the Wells site was installed on an in-service concrete pavement with initially sealed joints,
the first step in this process was not needed and the second step served the combined purpose of
removing old sealant and widening the joint to the specified test width. Additionally, the fourth
step was not required for use with neoprene compression seals, nor was it used in the 3-mm Soff-
Cut joints that were sealed with Dow 890-SL silicone at the Salt Lake City and Heber City sites.
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Figure 9. Mesa, Arizona test site layout.
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Figure 10. Campo, Colorado test site layout.
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Figure 11. Wells, Nevada test site layout.
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Figure 13. Salt Lake City, Utah test site layout.
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Figure 14. Heber City, Utah test site layout.

20

Sta 444+00
State 11
3 mm Unsesaled
40E431

Siste 10
©.mm Dow 888-SL
ADE455

State 09
# mm Dow 888
49E451

State 08 R
® mm Koch 5012
49E452

State 07
3 mm Dow BBO-BL
49E454

Etate 08
8 mm DS Brown E-437H
40E450

State 03
» mm Koch 8005
49E448

State 04
# mm D8 Brown V-887
49E449

State 03
8 mm Koch $050-8L
4PE482

State 02
3 mm (S8oN-Cut) Dow 880-8L
40E458

State 01
3 mm (Soff-Cut) Unsealed
49E480

Sta 500+00



Pri Joi wi

In most cases, primary joint sawing was accomplished using a water-cooled riding saw with a
305- to 356-mm-diameter single-saw blade. The width of the primary sawcut was approximately
3 mm, while the depth was typically maintained to either one-third or one-fourth the thickness of
the concrete slabs. This step was performed as soon as the concrete had cured to the point that
extensive raveling would not occur. Figure 15 illustrates the primary sawcutting operation, as
performed at the Wells site. =

Primary joint sawing using the Soff-Cut procedure differed slightly from conventional means.
Because the Soff-Cut pavement saw is lighter than conventional saws, sawing operations can be
performed sooner after the paving process (essentially as soon as the pavement can support the
weight of the saw) and consequently require a shallower cutting depth. As a result of the
shallower cut, the productivity of the operation is increased. The Soff-Cut joints created at the
Tremonton, Salt Lake City, and Heber City sites were typically between 19 and 25 mm deep.
These cuts were substantially shallower than the 85-mm-deep cuts created using conventional
Saws.

n in in
Several experimental joints required a secondary sawcut in order to produce the specified

sealant shape factor. In most cases, these cuts were made with one pass of a riding saw having
water-cooled, 305- or 356-mm-diameter blades. For wider cuts, double and triple blades were

Figure 15. Primary joint sawing operation at Wells, Nevada test site.
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used. Secondary cuts were not as deep as primary cuts, and they varied according to the sealant
and configuration used. Some spalling and raveling of pavement joint edges were observed
during the secondary sawcutting operations, particularly in the Crafco RS 902 beveled-]omt
sections installed at the Campo site.

Joint Cleaning

Different methods of joint cleaning were used at each test site. The methods involved one or
a combination of the following four techniques:

e High-pressure airblasting.

® Waterwashing.

o High-pressure waterblastmg
® Sandblasting.

Joints that were to be left unsealed were not cleaned at all. Table 3 lists, in sequence, the

techniques used to clean the joints at each site. Figure 16 shows the sandblasting of a joint
located at the Wells test site.

Table 3. Methods used for cleaning each site.

Mesa, Arizona 827-kPa Dry saw Sandblast Airblast Waterblast Airblast
~Airblast (2 passes) ‘
Campo, Waterwash Air dry 621-kPa 621-kPa
Colorado ‘ (30 min) Sandblast Airblast
Wells, Nevada Sandblast - 862-kPa
(2 passes) Airblast
Tremonton, 6,895-kPa Waterwash Air dry
Utah  Waterblast ,
Salt Lake City, 19,306-kPa 586- to
Utah ~ . Waterblast 1,034-kPa
(2 compression seal Airblast
“sections only)
tHeber City, Utah || - 552-kPa Waterblast 690-kPa
(WB sections) ' Airblast
6,895-kPa (WB sections)
Waterblast 3,448-kPa
(EB sections) Airblast
(EB sections
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Figure 16. Sandblasting operation at Wells, Nevada test site.

Backer Material Placement

Backer rods were used to prevent field-molded sealants from flowing down into the joints and
to provide a more uniform sealant depth and shape factor. Typically, heat-resistant foam backer
rod materials were used in conjunction with the hot-applied sealants, whereas non-heat-resistant
materials were used with the silicone and polysulfide sealants. For 9-mm-wide joints, 13-mm-
diameter backer rods were used; for 6-mm-wide joints, 8- and 9-mm-diameter rods were used;
and for 3-mm-wide joints, 6-mm-diameter rods were used. All backer rods were installed after
the final joint cleaning and just prior to the actual application of the sealant. Figure 17 shows
backer rod being installed with a backer rod tool at the Campo test site. The backer rod tool
facilitates placement and provides uniform depth of insertion.

lant Applicati

In general, experimental joints were sealed within 3 to 4 hours after final cleaning. However,
joints in some of the test sections at Salt Lake City and Tremonton were not sealed until 24 to 48
hours after cleaning. Visual observations of joint cleanliness and dryness by SHRP contractor
field representatives indicated that joints at the Wells and Tremonton sites were dry and clean,
whereas joints at the Campo, Heber City, and Salt Lake City sites were mostly dry, to dry and
mostly clean, to clean. Visual observations of joint cleanliness and dryness at the Mesa site were
not reported.
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Figure 17. Backer rod placement at Campo, Colorado test site.

Hot-Applied Sealants

Experimental hot-applied sealants were heated in asphalt kettles to temperatures ranging from
123 to 210°C. To prevent burning of sealant material and to promote uniform heating, each hot-
applied sealant was mechanically stirred with agitator paddles located within the heating vats of
the asphalt kettles. Once the recommended melting temperature of a particular sealant was
reached, the sealant was pumped through a hose-and-wand unit into the bottom of the prepared
joints, as illustrated in figure 18.

Overall very little dlfﬁculty was experienced with the mstallatlon of hot-applied sealants The
only notable problems included extended heating of Crafco SS 444 at the Mesa site (Meier et al.,
1992), some difficulties maintaining proper temperature of Koch 9012 at the Tremonton site
(Wienrank and Evans, 1995b), and contamination of Koch 9012 at the Salt Lake City site
(Wienrank and Evans, 1995c¢).

Silicone Sealants

Experimental silicone sealants were placed into joints under pressure using a joint sealant
pump (typically 208 L) mounted on either a flatbed truck or a trailer (figure 19). Application
pressures ranged from 240 to 690 kPa. Regular, or non-self-leveling, silicones were tooled to
ensure good contact with joint surfaces, to control sealant depth, and to produce the required
recessment below the pavement surface. At most sites, tooling was accomplished using a piece of
flexible tubing attached to the end of a broom handle.
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.Figﬁre 19. Silicone sealant pumping apparatus used at Heber City, Utah test site.
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‘The only reported installation problem associated with the non-self-leveling silicones was the
buildup of material along the tops of joint walls at the Campo site. It was determined that the tool
used to form a concave surface in the silicones was not sufficiently wide or flexible enough to
force the sealant against both sides of the joint.

Because of their fluid-like natures, self-leveling silicones required no tooling after application.
These sealants were simply dispensed into the joint bottom and a]lowed to level under gravity to
the spec1ﬁed recessment below the pavement surface. :

A few difficulties were encountercd with the self-leveling silicones. At the Heber City and
Salt Lake City sites, sealing crews had trouble applying sealant into 3-mm-wide joints. To
overcome this problem, crews ground down the nozzle located on the end of the application wand
“so that it would fit into the narrow joints. A similar problem encountered at the Mesa site was
resolved by using a smaller modified nozzle taken from an asphalt kettle unit. -

At the Campo site, self-leveling silicones were routinely placed too near the pavement surface,
exposing large portions of the material to direct contact by traffic tires. The narrow joint
openings (3 mm) where this occurred were believed to be a factor.

Neoprene Compression Seals

The preformed compression seals used in the SPS-4 test s1tes were supplied by manufacturers
in continuous rolls. Most of the seals were installed mechamca,]ly using a special installation
machine, such as the D.S. Brown Auto Installer shown in ﬁgmtc 20. These machines compressed
the seal, coated the seal with a lubricant adhesive, and inserted it into the pavement joint.
Typically, the first and last few millimeters of these seals along each joint had to be installed by
hand. 1

Generally speaking, the compression seal installation macluncs worked well for 9— and
13-mm-wide joints. However, there was much greater dlfﬁculty with the installation of
compression seals in 6-mm-wide joints. Nearly half of the seals destmcd for the 6-mm-wide joints
at the Heber City site had to be installed by hand. |

|

The Esco PV-687 seals at the Tremonton site were installe;d by hand, as shown in figure 21.
In addition, because of an improperly functioning installation machine, the two compression seals
selected for use at the Campo site were also installed by hand using putty knives. The result at
the Campo site was several twisted and sunken seals, cspccia]ly in the 6-mm-wide joints.
Polysulfide Sealant

The self-leveling polysulfide sealant Koch 9050-SL was insitalled at the Salt Lake City and

Heber City test sites. Much like silicone sealant, this material \}vas placed into joints under
pressure using a joint sealant pump mounted on a flatbed truck. Although some minor problems
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Figure 21. Manual installation of neoprene compression seal

at Tremonton, Utah test site.
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were experienced with the pump during the installation of Koch 9050-SL at Salt Lake City, a
much greater problem was experienced when rain washed some of the sealant out of the joints at
this site and caused some seals to have low spots. Seals that were washed out were subsequently

resealed with new polysulfide material.

Field Data Collection and Analysis

Installation data for each test section in each test site were collected in the field and recorded
on SHRP LTPP data collection forms. Among the types of information collected were the
following: ~ :

Installation date and time.
Test section stationing.
Joint preparation method.

- Joint reservoir dimensions.

Backer rod material installed.
Depth to top of backer rod.
Sealant material installed.
Depth to top of sealant.

Summaries of most of this information are contained in the six SPS-4 supplement joint seal
construction reports (Meier, 1992; Wienrank and Evans, 1995a, 1995b, 1995¢, 1995d; Ambroz
and Evans, 1996). These reports also describe the results of analyses performed to determine
adherence of actual joint reservoir and seal dimensions to the experimental design dimensions.
Those analysis results are summarized below.

® Secondary sawcuts—For most sections at each site, joints were sawed to an acceptable

tolerance (£1.6 mm) of the specified joint width. Of the 125 test sections comprising the 6
test sites, 101 sections had the majority of joints sawed to within the specified tolerance
limits. The vast majority of the 24 sections that didn’t meet design specifications
consisted of overly wide sawcut joints. The causes of these occurrences were not
identified. However, for five sections found to be out of compliance at the Wells site, it
was believed that the existing joints were about as wide as the design dimension and that
the required secondary sawing (to remove the old sealant and provide a new reservoir)
inevitably resulted in excessively wide joint reservoirs.

Depth to top of backer rod—With the exception of the Campo test sections, backer rods
were usually placed to the allowable limits of 13 to 19 mm below the pavement surface.
All 18 sections requiring backer rods at the Mesa site and all 11 sections requiring backer
rod at Tremonton had a majority of the joints installed with backer rod to within allowable
limits. Moreover, 27 of the 39 backer rod sections at Wells, Salt Lake City, and Heber
City had a majority of joints with the backer rod placed to acceptable depths. At the
Campo site, 7 of the 12 sections requiring backer rod had a majority of the joints with
backer rod placed out of tolerance. Overwhelmingly, the backer rods in these sections
were placed too high. |
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e Depth to top of sealant—At all sites, the allowable limits for depth to the top of sealant
from the pavement surface were established at 6 and 9 mm. Measurements taken in the
field indicated that most sealants were placed to depths outside these limits. At the Mesa,
Campo, and Salt Lake City sites, 33 of the 45 sections measured for sealant depth showed
that the majority of seals were placed too high (less than 6 mm deep) in the joint,
potentially exposing them to traffic. A few sections at Heber City and Tremonton were
also observed to have excessively high sealants. In contrast, 7 of the 16 sections measured
for sealant depth at Wells had a majority of the joints in which sealant was placed too low
(in excess of 9 mm deep).

e Sealant shape factor—An important parameter in the design and construction of field-
molded sealants is the sealant shape factor. The shape factor is defined as the ratio of the
sealant depth to the sealant width, and it is important because different shape factors result
in different levels of stress development for different sealant types during sealant
extension. The shape factors that result in the lowest buildup of stresses most often
provide better field performance. As examples, silicone sealants generally provide the best
performance when placed in a shape factor of about 0.5, whereas hot-applied rubberized
asphalt materials generally provide the best performance when placed in a shape factor
around 1.0. A summary of the analysis of shape factors at each test site is provided
below.

— At Mesa, two different treatments had mean shape factors outside of the specified
design tolerances (0.57 to 1.20 for 9-mm-wide joints, 0.80 to 2.00 for 6-mm-wide
joints, and 1.00 to 5.00 for 3-mm-wide joints). One section of Dow 890-SL, placed in
6-mm-wide joints, had a mean shape factor of 0.61, whereas the design shape factor
range for this treatment was 0.80 to 2.00. Also, the two sections of Dow §90-SL
placed in 3-mm-wide joints had mean shape factors of 0.58 and 0.62. The design
shape factor range for this treatment was 1.00 to 5.00. Since silicone has been shown
to provide the best performance with a shape factor around 0.5, the performance of
these treatments could be better than what the design shape factor would have
provided.

— At Campo, 4 of the 13 test sections measured for seal dimensions had mean shape
factors outside of the specified design tolerances (0.29 to 1.60 for 9-mm-wide joints,
0.80 to 2.67 for 6-mm-wide joints, and 0.67 to 8.00 for 3-mm-wide joints). Two
sections of Crafco 903-SL placed in 6-mm joints had mean shape factors of 0.77 and
0.71, whereas the design shape factor range for this treatment was 0.8 to 2.67. Also,

“one section of Crafco 902 placed in 6-mm joints had a mean shape factor of 0.77,
slightly under the minimum tolerance of 0.8. Lastly, one section of Crafco 902 placed
in 3-mm joints had a mean shape factor of 0.5, whereas the design shape factor range

for this treatment was 0.67 to 8.00. Though each of these treatments were
- considerably thinner than what was designed, their shape factors are closer to the
optimal shape factor for silicone sealants.
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At Wells, all of the 14 test sections measured for seal dimensions had mean shape
factors within the specified design tolerances (0.29 to 1.60 for 9-mm-wide joints).
Most of the measured mean shape factors were around 0.60, which is generally to the
advantage of silicone seals. However, in some of these sections (Dow 888, Crafco
902, and Crafco 903-SL, all placed in 9-mm joints), very high standard deviations of
shape factor were computed, which means that several of the seals probably had

- shape factors below the minimum tolerance of 0.29.

At Tremonton, all of the seven test sections measured for seal dimensions had mean
shape factors within the specified design tolerances (0.29 to 1.60). Most of the
measured mean shape factors were around 1.00, which is generally very suitable for
hot-applied seals, but slightly less suitable for silicone seals.

At Salt Lake City, all but 1 of the 10 test sections measured for seal dimensions had
mean shape factors within the specified design tolerances (0.29 to 1.60 for 9-mm-
wide joints and 0.67 to 8.00 for 3-mm-wide joints). A section of Crafco RS 221 had a
mean shape factor of 1.85, whereas the design shape factor range for this treatment
was 0.29 to 1.60. The replicate section of this treatment had a mean shape factor of
1.46; however, its standard deviation of 0.37 indicates that several of the seals
probably exceeded the maximum tolerance of 1.60. Generally speaking, these mean
shape factors are too high for optimal performance by hot-applied rubberized asphalt
sealant.

The 3-mm-wide joint design was used in two sections. The mean shape factors of the
Dow 890-SL seals placed in these sections were 2.48 and 2.29, both of which were
within the design shape factor limits of 0.67 to 8.00. However, these shape factors

 are considerably higher than the optimal shape factor of 0.5 for sﬂlcone sealants, and
could result in reduced performance.

At Heber City, all of the 12 test sections measured for seal dimensions had mean

- shape factors within the specified design tolerances (0.29 to 1.60 for 9-mm-wide
joints and 0.67 to 8.00 for 3-mm-wide joints). However, one section of Koch 9012
placed in
9-mm joints was computed as having a mean shape factor of 1.37 and a standard
deviation of 0.25, which indicates that several of thB seals probably had shape factors
above the maximum tolerance of 1.60.

Like the Salt Lake City site, the 3-mm-wide joint design was used in two sections.

The mean shape factors of the Dow 890-SL seals placed in these sections were 1.67

and 2.13, both of which were within the design shape factor limits of 0.67 to 8.00.

However, these shape factors are considerably higher than the optimal shape factor of
-0.5 for silicone sealants, and could result in reduced performance.
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Productivity and Cost Data

Because very few records were kept regarding the time, material, labor, and equipment
required to saw, clean, and seal each test section, individual estimates of productivity and
installation costs for each joint seal treatment were not available. The only productivity data
available were from Wells (table 4). In addition, material costs were available from both Wells
(table 4) and Mesa (table 5).

Table 4. Material costs and sealant installation times at Wells, Nevada
test site (Wienrank and Evans, 1995a).

Material Sealant Cost Average Installation Time for One Section, min ||
Dow 890-SL $11.95L 30
Crafco 903-SL $10.73/L 25
Dow 888-SL $10.04/L 25
D.S. Brown V-812 $1.80/m : 115
(includes lube & adhesive)

Mobay 960 $11.76/L 275
Crafco RS 902 $10.33/L 40

Dow 888 $10.83/L 32.5

Table 5. Material costs at Mesa, Arizona test site (Meier et al., 1992)

Sealant Material Cost, $/m ||
(Watson Bowman Compression Seal 2.03*
Lubricant 0.13
Total 2.16
lastomer PV-687 Compression Seal 1.90
Lubricant 013
Total 2.03
afco RS 221 Hot-Applied 0.16
Flush Oil 0.07
Total 0.23
rafco SS 444 Hot-Applied 0.29
Flush Oil 0.07
Total 0.36
lI[Dow 890-SL 1.64
lIDow 888-SL 1.64
[Mobay Baysitone 960-SL . 161
[Dow 888 1.34
ll(_?rafco 903-SL 1.34 ;

*  Used in place of Elastomer PV-687.
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CHAPTER 3. MATERIAL TESTING

As a check to ensure that the sealants used in the test sites met the specifications maintained
by the manufacturers, laboratory material testing was performed. These tests were completed on
samples taken from the batches of material shipped to and used at each site. For reasons not
reported, not all sealant products placed in the SPS-4 supplemental joint seal sites were tested.
Most of the testing was conducted on silicone materials; however, some compression seals and
some hot-applied sealants were also tested. This chapter discusses the tests that were performed
under the SPS-4 supplemental joint seal studies and presents the results of those tests.

Laboratory Tests Performed

Formal laboratory testing, using SHRP LTPP procedures, was conducted on field-retrieved
sealant samples from four of the six SPS-4 test sites. None of the sealants installed at the Campo
and Tremonton sites were formally tested. However, the results of material tests performed by
the manufacturers of sealants installed at Campo were made available by the manufacturers.
Table 6 summarizes, by test site, the types of materials tested, both formally under the SHRP
LTPP program and internally by the sealant manufacturers.

The battery of tests performed on each sealant type consisted of general material property
tests (e.g., specific gravity, extrusion rate) and performance-related tests (e.g., bond, tensile stress
under elongation). Table 7 lists the individual tests performed on each sealant type and the
corresponding designated test method and guiding specification.

Table 6. Summary of laboratory testing of SPS-4 supplemental joint seal materials.

Test Site SHRP LTPP Laboratory Testing | Material Manufacturer Laboratory Testing
Mesa, AZ Compression seals . NA
Hot-applied seals
Non-self-leveling silicone seals
Self-leveling silicone seals

Campo, CO NA Compression seals
Non-self-leveling silicone seals
Self-leveling silicone seals

Wells, NV Non-self-leveling silicone seals NA
Self-leveling silicone seals

Tremonton, UT ‘ NA NA

Salt Lake City, UT Self-leveling silicone seals NA

Heber City, UT Self-leveling silicone seals NA
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Table 7. Summary of laboratory tests performed on various sealant types.

Sealant Type Test Description Test Method |__Guiding Specification |
Non-self-leveling Silicone | Tensile stress @ 150% strain ASTM D 412 (die C) Georgia DOT 106
a_nd . Durometer hardness ASTM D 2240 Georgia DOT 106
Self-leveling Silicone
Bond to PCC mortar AASHTO T-132 Georgia DOT 106
Tack-free time ASTM C 679 Georgia DOT 106
Extrusion rate MIL S-8802 Georgia DOT 106
Specific gravity ASTM D 792 Georgia DOT 106
Movement capability and ASTM C 719 Georgia DOT 106
adhesion
Non-volatiles Georgia DOT 106
Elongation at break ASTM D 412 (die C) Michigan DOT
Preformed Neoprene Tensile strength ASTM D 412 (die C) ASTM D 2628
Elongation at break ASTM D 412 (die C) ASTM D 2628
Durometer hardness ASTM D 2240 (mod.) ASTM D 2628
Accelerated aging ASTMD 573 ASTM D 2628
Very low—temperaulre recovery ASTM D 2628 ASTM D 2628
Low-temperature recovery ASTM D 2628 ASTM D 2628
High-temperature recovery ASTM D 2628 ASTMD 2628
Compression-deflection @ 80% ASTM D 2628 ASTM D 2628
nominal width
Oil swell ASTM D 471 ASTM D 2628
Hot-Applied Penetration ASTM D 3583 ASTM D 3406
PVC-Coal Tar Flow ASTM D 3583 ASTM D 3406
Non-immersed bond ASTM D 3583 ASTM D 3406
Water-immersed bond ASTM D 3583 ASTM D:3406
Resilience ASTM D 3583 ASTM D 3406
Oven-aged resilience ASTM D 3583 ASTM D 3406
Tensile adhesion ASTM D 3583 ASTM D 3406
Flexibility ASTM D 3583 ASTM D 3406
Hot-Applied Penetration ASTM D 3407 ASTM D 3405
Rubberized Asphalt Flow ASTM D 3407 ASTM D 3405
Bond ASTM D 3407 ASTM D 3405
Water-immersed bond ASTM D 34b7 (variant) | ASTM D 3405 (variant)
Resilience ASTM D 3407 ASTM D 3405
Brookfield viscosity
Ductility ASTMD 113
Asphalt compatability ASTM D 3407 ASTM D 3405
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Laboratory Test Results

Details of the laboratory testing results for selected materials installed at each site were
provided in the six SPS-4 supplemental joint seal construction reports (Meier et al., 1992;
Wienrank and Evans, 1995a, 1995b, 1995¢, 1995d; Ambroz and Evans, 1996). Summaries of the
results, categorized by sealant type, are provided in the sections below.

Non-Self-Leveling Silicone Sealants

Non-self-leveling silicone material batches tested under the SHRP LTPP program included the
following:

Dow 888 at Mesa, Arizona.

Dow 888 at Wells, Nevada.

Mobay Baysilone 960 at Wells, Nevada.
Crafco RS 902 at Wells, Nevada.

Though specific test results for the Dow 888 placed at Mesa were not listed in the
construction report, it was reported that this material met the guiding specification for non-self-
leveling silicone sealants (Georgia DOT silicone specification 106) (Meier et al., 1992).

The specific test results for the three silicones placed at Wells are presented in table 8. All
three sealants met the guiding non-self-leveling silicone specification (Georgia DOT
requirements).

The results of tests performed by Crafco on the RS 902 silicone installed at Campo are
provided in table 9. This material met the guiding specification (based on Georgia DOT and
Michigan DOT requirements) for non-self-leveling silicone sealants.

Self-Leveling Silicone Sealants

Self-leveling silicone material Iots tested under the SHRP LTPP testing protocol included the
following:

Dow 888-SL at Mesa, Arizona.

Dow 890-SL at Mesa, Arizona.

Mobay Baysilone 960-SL at Mesa, Arizona.
Crafco RS 903-SL at Mesa, Arizona.

Dow 888-SL at Wells, Nevada.

Dow 890-SL at Wells, Nevada.

Crafco RS 903-SL at Wells, Nevada.

Dow 888-SL at Salt Lake City, Utah.

Dow 888-SL at Heber City, Utah.
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Table 8. Formal laboratory testing results for non-self-leveling silicone sealants installed

at Wells, Nevada test site (Wienrank and Evans, 1995a).

o Georgia DOT Mobay Crafco
Test Description Test Method Specification | Baysilone 960 RS 902 Dow 888
Tensile Stress @ ASTM D412 <310 2394 278.8 2470
150% Strain, kPa (die C)
Durometer Hardness, | ASTM D 2240 10-25 12 10 16
Shore A
Bond to PCC Mortar, | AASHTO T-132 > 345 4347 648.6 579.6
kPa L
Tack-Free Time, min | ASTM C 679 <90 48 55 51
Extrusion Rate, MIL S-8802 > 75 308 167 196
g/min
Non-volatiles, % > 90 94.9 96.2 96.3
Specific Gravity ASTM D 792 11-15 1.188 1.297 1.488
Movement Capability] ASTMC 719 10 cycles @ Pass Pass Pass
and Adhesion 1 50% ‘

Table 9. Material manufacturer laboratory testing results fo
installed at Campo, Colorado test site (Ambro

r non-self-leveling silicone sealant
z and Evans, 1996).

Crafco

Georgia DOT | Michigan DOT
Specification RS 902 ‘

Test Description Test Method Specification
Tensile Stress @ 150% Strain, ASTM D412 <310
kPa (die C)
Durometer Hardness, Shore A ASTM D 2240 10-25
Bond to PCC Mortar, kPa AASHTO T-132 > 345
Tack-Free Time, min ASTM C 679 <90
Extrusion Rate, g/min MIL S-8802 > 75
Specific Gravity ASTMD 792 1.1-15
Movement Capability and ASTM C 719 10 cycles @
Adhesion +50%
Elongation at Break, % ASTM D412
(die ©)

NA=Not available.
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Specific test results for the four self-leveling silicones placed at Mesa were not listed in the
construction report for that site. However, it was reported that only the Dow 888-SL met the
guiding Georgia DOT silicone specification (Meier et al., 1992). The Dow 890-SL sealant met all
parts of the specification except the Durometer (Shore A) Hardness test, whereby the recorded
value of 3 for the material was less than the requirement of 10 to 25. The Mobay Baysilone 960-
SL sealant failed the movement capability and adhesion test (10 cycles, +50%/0% at -18°C).
Lastly, the Crafco RS 903-SL sealant failed both the Durometer (Shore A) Hardness test (a test
value of 2, which was lower than the 10 to 25 requirement) and the Tack-Free Time test (135
minutes, as compared to a maximum of 90 minutes).

As seen in table 10, two of the three silicones placed at Wells met the guiding self-leveling
silicone specification (Georgia DOT requirements). Only the Crafco RS 903-SL did not, as it
failed the Tack-Free/Skin-Over Time test (219 minutes, as compared to a maximum of 90
minutes).

Table 11 shows the results of the tests performed on separate batches of Dow 888-SL placed
at Salt Lake City and Heber City. As can be seen, the Heber City batch met all parts of the
guiding self-leveling silicone specification (Georgia DOT requirements), whereas the Salt Lake
City batch failed the requirement for tensile stress at 150 percent strain (322.2 kPa, as compared
to a maximum of 276 kPa).

The results of tests performed by Crafco on its RS 903-SL silicone installed at Campo are
provided in table 12. As can be seen, this material met the guiding specification for self-leveling
silicone sealants (Georgia DOT requirements).

Table 10. Formal laboratory testing results for self-leveling silicone sealants installed
at Wells, Nevada test site (Wienrank and Evans, 1995a).

Georgia DOT Crafco Dow Dow
Test Description Test Method Specification | RS 903-SL 888-SL, 890-SL
Tensile Stress @ ASTM D 412 <276 73.8 162.8 73.8
150% Strain, kPa (die C)
Durometer Hardness | ASTM D 2240 0 7 1
(Shore A)

Bond to PCC Mortar, | AASHTO T-132 > 276 331.2 4278 407.1

kPa ‘

Tack-Free Time, min | ASTM C 679 <90 219 52 64

‘ (skin over)

Extrusion Rate, g/min MIL S-8802 =90 1,447 377 326
Non-volatiles, % > 90 964 94.3 97.6
Specific Gravity ASTMD 792 1.1-15 1.335 1.344 1.318

Movement Capability | ASTM C 719 10 cycles @ Pass Pass Pass

and Adhesion £ 50%
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Table 11. Formal laboratory testing results for self-leveling silicone sealants installed at
Salt Lake City and Heber City, Utah test sites (Wienrank and Evans, 1995c and 1995d).

‘ Georgia DOT | Dow 888-SLat | Dow 888-SL at
Test Description Test Method Specification | Salt Lake City, UT | Heber City. UT
Tensile Stress @ ASTM D 412 <276 3222 129.0
150% Strain, kPa (die C)
Durometer Hardness | ASTM D 2240 7 8
(Shore A)
Bond to PCC Mortar, | AASHTO T-132 2276 4761 627.9
kPa ,
Tack-Free Time, min | ASTM C 679 <90 40 48
(skin over) :

Extrusion Rate, g/min | MIL S-8802 >90 226 307
Non-volatiles, % 290 93.5 93.8
Specific Gravity ASTMD 792 1.1-15 13 1.349

Movement Capability | ASTMC719 | 50% min " Pass Pass

|___and Adhesion ‘

Table 12. Material manufacturer laboratory testing results

for self-leveling silicone sealant

installed at Campo, Colorado test site (Ambroz and Evans, 1996).

T Georgia DOT Crafco
Test Description Test Method Specification RS 903-SL
Tensile Stress @ 150% | ASTMD 412 <276 199.4
Strain, kPa (die C)
Durometer Hardness ASTM D 2240 57
(Shore A) s ;
Bond to PCC Mortar, AASHTO T-132 > 276 428.5
kPa
Tack-Free Time, min ASTM C 679 <90 49
‘ (skin over)
Extrusion Rate, g/min MIL S-8802 290 548
Specific Gravity ASTM D 792 1.1-1.5 NA
Movement Capability ASTM C719 10 cycles @ Pass
and Adhesion +50%
Elongation at Break, % ASTM D 412 f 874
: . (die C)

NA=Not available.
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mpression Seals

Preformed neoprene compression seals tested under the SHRP LTPP laboratory testing
protocol included the following:

e D.S. Brown V-687 at Mesa, Arizona.
® Watson Bowman 687 at Mesa, Arizona.
® Watson Bowman 812 at Mesa, Arizona.

Though specific test results for these compression seals were not listed in the Mesa
construction report, it was reported that the D.S. Brown V-687 seal met all requirements except
those for the High-Temperature Recovery test (70 hours @ 100°C, 50% deflection); the actual
value was 80.5 percent and the required minimum value was 85 percent (Meier et al., 1992).
Likewise, the two Watson Bowman seals met all requirements except those for the High-
Temperature Recovery test. The Watson Bowman 687 seal registered a recovery of 66 percent,
whereas the Watson Bowman 812 registered a recovery of 82 percent, both below the minimum
requirement of 85 percent.

The results of tests performed by D.S. Brown on their E-437H and V-687 compression seals
installed at Campo are provided in table 13. As can be seen, both materials met the guiding
specification (ASTM D 2628 requirements).

Table 13. Material manufacturer laboratory testing results for neoprene compression seals
installed at Campo, Colorado test site (Ambroz and Evans, 1996).

ASTMD 2628 D.S. Brown D.S. Brown

Test Description Test Method Specification | _ E-437H V-687
Tensile Strength, kPa ASTMD 412 13,800 18,630 17,478
Elongation at Break, % ASTM D 412 250 467 467
Durometer Hardness ASTM D 2240 50 -60 56 56
I (Shore A) ' |
High-Temperature Recovery ASTM D 2628 > 85 98 91

(70 hour @ 100°C, 50%
deflection), %

Low-Temperature Recovery ASTMD 2628 > 88 99 97
(72 houwr @ -10°C, 50%
deflection), %

Low-Temperature Recovery ASTMD 2628 > 83 98 89
(22 hour @ -29°C, 50%
deflection), %

ICompression-Deﬂection (80% ASTM D 2628 > 0.063 0.078 0.087
nominal width). k
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- Li n

Two hot-applied sealants were tested under the SHRP LTPP laboratory testing protocol.
These sealants were as follows:

® (Crafco RS 221, a rubberized asphalt sealant placed at Mesa, Arizona.
® (Crafco SS 444, a PVC-coal tar sealant placed at Mesa, Arizona.

Though specific test results for these sealants were not 1istéd in the Mesa construction report,
it was reported that both materials met their respective specifications (ASTM D 3405 for Crafco
RS 221 and ASTM D 3406 for Crafco SS 444) (Meier et al., 1992).
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CHAPTER 4. FIELD PERFORMANCE

As discussed in chapter 2, SPS-4 experimental joint sealants were installed at three test sites in
1991, two sites in 1992, and one site in 1995. With the exception of the Campo site, experimental
joint seals were inspected for performance four times. These inspections were performed each
fall, beginning in 1994 and ending in 1997. Joint seals at the Campo site were inspected three
times, beginning in spring 1996 and ending in fall 1997. Table 14 provides a complete listing of
the test site inspections (by week) and the corresponding approximate joint seal ages.

Prior to each field inspection, project staff were responsible for contacting the participating
State maintenance agency and selecting the days to do the inspection. Normally, each test site
required 2 days of inspection, whereby the lanes in which the experimental seals were installed
were closed to traffic and a detailed evaluation of the conditions of the sealants and surrounding
concrete was performed. Weather hampered the inspections in a few instances, making a third
day necessary for completing the inspection.

Performance Data Collection

Several types of performance data were routinely collected in the SPS-4 joint seal evaluations.
These performance data primarily consisted of seal failure data and seal distress data, both derived
from detailed, visual inspections. Seal failure was defined as a deterioration of the seal material or
surrounding pavement that permits moisture or debris to pass below the seal. Seal distress was
defined as those seal system deficiencies that result in a reduction in seal performance without
inhibiting the seal’s ability to resist the infiltration of moisture and debris below the seal. The
complete list of failures and distresses evaluated in the field-molded sealants (silicone, hot-
applieds, polysulfide) and preformed compression seals are as follows:

Table 14. Summary of SPS-4 test site inspections and corresponding treatment ages.

Ir

Mesa, AZ Campo, CO Wells, NV Tremonton, UT |Salt Lake City, UT| Heber City, UT
Inspection ‘ :
SII’%. Weekof | Age, | Weekof | Age, | Weekof | Age, | Weekof | Age, | Weekof | Age, |Weekof | Age,
Inspect. | mont] ect. onths ect. nths | Inspect. |months| Inspect. Imonths| Inspect. | months
Installation | 3/18-3/31/91 11/15-11/19/95 8/14-8/22/91 10/23-10/26/92 }5/19-5/27/92 (SB)| 7/8-7/11/91 (EB)
6/29-8/14/92 (NB){9/23-10/1/91 (WB ]
1 11/20/94| 45 4/21/96 5 9/25/94 37 9/18/94 | 47 9/18/94 25 | 9/25/94 36
2 2/11/96 60 10727096 11 10/22/95 1 50 {11/12/95] 61 |[11/12095| 39 |10/22/95] 49
3 2/2/97 72 11/2/97 24 |10n2006) 62 |111706| 73 |11/1796 | 51 |[10/2096] 61
4 1/25/98 83 o — 110/12/071 74 111/16/07 85 111/16/971 63 110/12/97] 73
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Field-Molded Sealants
Partial-depth adhesion loss.

Full-depth adhesion loss (failure).
Partial-depth spalling.

Full-depth spalling (failure).
Stone intrusion.

Partial-depth cohesion loss.
Full-depth cohesion loss (failure).

Preform mpressi
Partial-depth spalling.
Full-depth spalling (failure).
Twisted/rolled seal (failure).
Sunken seal (failure).
Compression set (failure).
Surface extrusion.

Gap (failyre).

Toward the goal of collecting the required performance data efficiently, consistently, and
completely, a two-page joint seal evalyation form was prepared in a format similar to that used in
the SHRP H-106 joint resealing experiment. The form contained adhesion loss and cohesion loss
tables on one page and spall distress, compression seal dlstress, and stone intrusion tables on the
second page, as illustrated in figure 22. It also contained an oycrall failure column, whereby the
total length of all failures combined was recorded. ;

i

Because of the large number of transverse joint seals in each test section—often between 25
and 30—a statistical sampling plan was devised to permit the field survey crew to evaluate a
representative subset of the joint seals without introducing bias into the evaluation results. In this
sampling plan, 6 sets of 12 random joint numbers between 1 aﬁd 30 were generated using a
random number generator. Each set of 12 random numbers was then randomly assigned to each
test section at a test site. In this way, a semi-random joint selection pattern was established that
would allow for the consistent evaluation of 12 joint seals within each section at a given site.

During each field inspection, each randomly selected transverse joint seal was examined for
locations of failure and distress within twelve 0.305-m segments along the joint. Each identified
failure or distress location was then measured (with the aid of two 1.8-m folding rulers) and
recorded (in inches) on the evaluation form according to the corresponding joint number and
position. In the case of adhesion and spall failures and distresses, the side of the joint (approach
or leave) was also noted.

For hot- and cold-applied formed-in-place sealants, the overall failure length was identified as
the total length of joint seal where moisture and debris were able to bypass the seal as a result of
full-depth adhesion failure, cohesion failure, or spall failure. The same definition was applied to
neoprene compression seals; however, failure modes consisted of spall failure, twisting,
compression set, gap, and sunken seal.
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Adhesion Loss Tensile Failure Construction Problems Overall
: . Adh/Coh|
Pd. | Pl | Pi. | Full | Fall | Foll Sunk | Sunk |Missing | <0.06 in | Tooling | High | Failure,
Left, | Right, |Overall, | Left, Right, Overall, | Pt., | Full, | Pd, Fpu. Seal, | thick, |Failure, | Seal, in
' L0 L 10 . 110 0l Lo i a0 a0 BLORESS
43421401 | 1 ,
[pazsz1a01] 2 | 2 | 2
lpasaz1401| 3 | 4 | 5 | o
[p4ss21401] 4 3] 5 5 2 | 1 6
[basaz1401| 5
[pa1a21401| 6
[basa21401| 7
047421401 | 8 ‘
pasa21401 | 9 1
[pa1421401 10 3| 2 5 5
[para21401| 11 | | ‘
4 LSliverSpa‘il Disfress PCC Edme " Comipression Seal Diétresk g)verall
] . . . stem
Joint po. | po. | P |Ful | Full | Fun [Fuit | Full | Full |Twist/| Sunk |Comp. Comp. Fayi_lure,
D Pos. | Left, | Right, | Ovérall, | Left, | Right, | Overall, | Left, | Right, | Overall, | Roil, | >0.5in, | Set, |Gap, |Overall, | in
43421401 | 1 11 11
fosra21401| 2 1 1
oasaz1401| 3 1 1
loasa21401 | 4 6
43421401 ] 5 1 1
[oass21401 6
fossa21401 | 7 1 1 1 1 1
41421401 | 8
oasaz1401 | 9 1 |
lo4sa21401 | 10 5
[lo43421401 ] 11 |
loar421401 1 12 |
1in=25.4 mm

Figure 22. SPS-4 supplement joint seal performance evaluation form.
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To evaluate the resilience, adhesive properties, and cohesive properties of the field-molded
seal materials, two field tests were completed: the coin test and the pull-out test. These tests
were performed as specified in the SHRP H-106 Evaluation and Analysis Plan (EAP) (Evans et
al., 1992). Coin tests were completed on hot-applied and silicone sealant materials, and pull-out
tests were carried out on hot-applied, silicone, and polysulfide sealants. The coin test is an
indicator of sealant resiliency at the testing temperature, and the pull-out test reveals the adhesive
and cohesive properties of sealant materials in the joints. Due to time constraints, coin tests and
pull-out tests were performed only at the Campo site. The IA-VAC joint seal vacuum testing
device was also used on randomly selected joint seals at the Campo site. A representative of the
Colorado DOT performed the IA-VAC testing.

Once all of the performance data for a particular test site and field inspection were collected,
the data were manually entered into Microsoft Access®, which served as the database manager for
the SPS-4 supplemental joint seal experiment. The entcred data were carefully checked for
accuracy and corrections were made as necessary.

Field Performance Results

The bottom-line assessment of joint seal performance in this study is based on the percentage
of total joint length that has experienced a failure of one type or another. This percentage of
failure is computed using the following equation:

%Fail = (Lgy / Ly X100% (Eq. 1)

where: J%oFail
Lfail

Ltutal

Percentage of joint seal failed, %.
Length of failed joint seal, mm.
Total length of joint seal, mm.

In most of the reporting contained herein, joint seal effectiveness is discussed. Joint seal
effectiveness is the opposite of joint seal failure, and is computed as follows:

%BEff = 100% - %Fail (Eq. 2)

where: %Eff = Percentage of effective joint seal, %
%Fail = Percentage of joint seal failed, %.

As seen in figure 23, a comparison by test site of the overall performance of the transverse
joint seals gives an indication of the rate of joint seal deterioration at each site. Though these
performance trends are based on the individual performance trends of different groups of joint
seal treatments, the greatest deterioration rates have been at the three Utah sites, whereas the
lowest deterioration rates have been at the Mesa and Wells sites.
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Figure 23. Overall performance of primary transverse joint seals at each test site.

Transverse Joint Seals

The overall effectiveness levels of transverse joint seals stemming from the 1997-1998 round
of test site inspections are shown in table 15. As can be seen, several of the sealants have
performed well, but many have performed very poorly. Based on the seal performance rating
categories developed by Belangie and Anderson (1985) and shown in table 16, 26 of the 56
treatments have performed favorably (>80 percent of the joint length has not failed), whereas 22
have reached “failed” status (<50 percent of the joint length has not failed). Seven treatments
exhibited mediocre performance at the time of the 1997-1998 inspections, and one showed poor
performance. ‘

Figures 24 through 29 show, by test site, the overall percentage of failure that each treatment
exhibited at the time of the 1997-1998 field inspections. These figures also show the types and
percentages of individual failure modes contributing to the overall failure percentage. As can be
seen, the predominant modes of failure varied by sealant type and by test site. Generally speaking,
the main mechanism of failure in hot-applied seals (e.g., Crafco RS 221, Koch 9012) was adhesive
failure, as illustrated in figure 30. Cohesive failure, which can also be seen in figure 30, was
significant in some of the seals.

45




Table 15. Overall effectiveness levels of SPS-4 transverse joint seal treatments
following 1997-1998 field inspection round.

Overall Effectiveness, % joint length
I?/Ie:t]:;";l C{)(:lnf‘;tg. Mesa, AZ | Campo, CO | Wells, NV | Tremonton, UT | Salt Lake City, UT | Heber City, UT
(US 60) (US 287) (1-80) (1-15) (UT 154) (US 40)
CralcoRS 221 | _C ] 10, - 24 ;
Crafco SS 444 C 31.7
Crafco 902 A
B
C
G
Crafco 903-SL A
B
- c
Dow 888 C
Dow 888-SL C
Dow 890-SL A
‘ B
C
E
DS Brown E437H - B
DS Brown V-687 C
DS Brown V-812 D
Koch 9005 C
Koch 9012 C
Koch 9050-SL C
Kold Seal C
Mobay 960 C
Mobay 960-SL C
Roshek A
Esco PV 687 C
‘Watson Bowman 687 | =~ C
‘Watson Bowman 812 C
____FPolyethylene
* Based on three replicate sections. Joint Configuration/Construction
® Based on one replicate section. A. Standard saw, 3-mm joint width. E. Soff-Cut saw, 3-mm joint width,

B. Standard saw, 6-mm joint width. F. Undisturbed.
C. Standard saw, 9-mm joint width. G. Standard saw, 9-mm beveled joint.
D. Standard saw, 13-mm joint width.

Table 16. Summary of performance ratings.

iating Effectiveness Level, ;o Number of ’?‘reatments
Very good 90 to 100 18
" Good 80.0 to 89.9 8
Fair 65.0t079.9 7
Poor 50.0 to 64.9 1
Very poor (failed) 01049.9 2
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Figure 24. Overall failure of transverse joint seals at Mesa, Arizona test site.
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Figure 25. Overall failure of transverse joint seals at Campo, Colorado test site.
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Figure 26. Overall failure of transverse joint seals at Wells, Nevada test site.
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Figure 27. Overall failure of transverse joint seals at Tremonton, Utah test site.

48




100

90

80

70

60

& Gap

& Extrusion
Comp. Set
Twist

1 Spall

M Cohesion
Adhesion

50

40

30

Falliwe level, % joint length

20 A

10 A

0

2y

o) & %

& & N3

&P &
%%

A1
)
.-
9

) N N N o) o)
N Q ¢ & o 0& .s,vk‘
% v o N
‘QP ‘Q' C’ 4&9 qg)
& *

Figure 28. Overall failure of transverse joint seals at Salt Lake City, Utah test site.
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Figure 29. Overall failure of transverse joint seals at Heber City, Utah test site.
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Figure 30. Adhesion and cohesion failure in hot-applied
rubberized asphalt seal.

For the non-self-leveling silicone seals, the primary failure mode varied. At a majority of the
sites, spall failure (figure 31) comprised most of the failure in these seals, whereas at other sites,
adhesive failure was the controlling mechanism. Similar performance characteristics were
observed with the self-leveling silicone sealants, except that adhesive failure was predominant at
the majo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>